Abstract A β-glucosidase producing yeast strain was isolated from Korean traditional rice wine. Based on the sequence of the YCL008c gene and analysis of the fatty acid composition, the isolate was identified as Saccharomyces cerevisiae strain HJ-014. S. cerevisiae HJ-014 produced ginsenoside Rd, F 2 , and compound K from the ethanol extract of red ginseng. The production was increased by shaking culture, where the bioconversion efficiency was increased 2-fold compared to standing culture. The production of ginsenoside F 2 and compound K was time-dependent and thought to proceed by the transformation pathway of: red ginseng extract → Rd → F 2 → compound K. The optimum incubation time and concentration of red ginseng extract for the production of compound K was 96 hr and 4.5% (w/v), respectively.
Mycobiology
The Bioconversion of Red Ginseng Ethanol Extract into Compound K by Saccharomyces cerevisiae HJ-014
Ginseng (Panax ginseng C. A. Meyer) belongs to the Araliaceae family of flowering plants and its' root has been used as a traditional medicine in Asian countries for over 2000 years. The major active components of ginseng are ginsenosides, which have a number of pharmacological effects, including anti-inflammatory [1] , anti-cancer [2, 3] , anti-aging [4] , and antioxidant [5] activities. However, naturally occurring ginsenosides are poorly absorbed by the human intestinal tract [6] . As a result, recent studies have focused on the bioconversion of the ginsenosides to increase their absorption and pharmacological activity [7, 8] .
Compound K is the active form of protopanaxadiol saponins and has been reported to be easily absorbed by the human digestive tract [9] . In addition compound K has been shown to exhibit hepatoprotective activity [10] , inhibit tumor invasion and metastasis, and induce tumor cell apoptosis [11] [12] [13] . Since compound K does not exist in natural products, many studies have focused on the development of methods for the production of compound K. Microbial biotransformation with the crude extract of Leuconostoc mesenteroides DC102 [14] and Lactobacillus paralimentarius [15] has been used to prepare compound K from ginsenoside Rb1 via Rd and F 2 . Enzymatic transformation of gypenoside LXXV by β-glucosidase from Thermus thermophilus [16] , has also been used to prepare compound K. β-Glucosidase specifically hydrolyzes two glucose molecules at C-3 and one glucose molecules at C-20 of ginsenoside Rb1 to generate compound K. However, only a few β-glucosidase have reported to be able to produce compound K [17, 18] .
So far, the majority of studies have used purified ginsenosides for the production of compound K using bioconversion. In this paper, we isolated and identified a β-glucosidase producing yeast, from the traditional Korean rice wine Makgeolli. Significantly, we have demonstrated that this novel yeast strain is capable of producing compound K from a crude ethanol extraction of red ginseng. This research provides a promising solution for the industrial production of compound K form raw ginseng preparations.
The Bioconversion of Red Ginseng Ethanol Extract 257 USA) and Ambo Laboratories (Daejeon, Korea). All other chemicals used were reagent grade.
Screening for microbes producing β-glucosidase. Esculin-MRS agar, containing 0.3% (w/v) esculin and 0.02% (w/v) ferric citrate in MRS agar [19] , was used to isolate β-glucosidase producing microorganisms. β-Glucosidase producing-microbes hydrolyze the esculin appearing as colonies surrounded by a reddish-brown to dark brown zone. Potential β-glucosidase producing microbes were subjected to additional two-day incubation at 30 o C in MRS medium.
Isolate identification. The genomic DNA was isolated and purified using a Genomic DNA Purification Kit (Qiagen, Hilden, Germany). PCR amplification was performed using Saccharomyces specific primers YCL008c-U (5'-TTCCGT-TGGATGTGCCATCG-3') and YCL008c-L (5'-GGAGCC-ACCAAGGGATGG-3') [20] . The resulting PCR product was sequenced by Macrogen (Seoul, Korea). Homologous sequences were identified using the BLAST, at the NCBI database. Cells were grown for 3 days at Nucleotide sequence accession number. The GenBank accession number for the S. cerevisiae HJ-014 sequence is KM061793.
Assay of enzyme activity. β-Glucosidase activity was determined using p-nitrophenyl-β-D-glucose (pNPG) as a substrate. The reaction mixture, containing 50 μL of 10 mM pNPG, 50 μL of enzyme solution in 50 mM acetate buffer (pH 5.0), was incubated at 50 o C for 30 min. The reaction was stopped by adding 100 μL of NaOH-glycine buffer (0.4 M, pH 10.8) and measured at 405 nm. One unit of enzyme activity was defined as the amount of enzyme producing 1 μmole of p-nitrophenol per min. Activity staining of β-glucosidase was performed as described previously [21] . After electrophoresis, the gel was incubated in 0. 
RESULTS AND DISCUSSION
The isolation and identification of β-glucosidase producing microbes. The β-glucosidase producing microbes were screened, using Esculin-MRS agar medium. Black colonies demonstrating β-glucosidase activity were picked and transferred to fresh Esculin-MRS agar medium (Fig. 1A) . The production of β-glucosidase from the isolate was confirmed by activity staining (Fig. 1B) . The consensus sequence of the Saccharomyces YCL008c gene (1,514 bp) from the isolate was aligned with other S. cerevisiae sequences and the taxonomic relationships were analyzed. Phylogenetic trees based on the aligned sequences were constructed using MEGA ver. 5.1 [22] with neighbor-joining [23] , based on 1,000 randomly chosen bootstrap replication and tree/branch style was circle (Fig. 1C) . The sequence was 97% homologous to the S. cerevisiae Stp22p genes. The MIDI system was used to analyze the fatty acid composition of the cell membrane from the isolate. The analysis, shown in Table 1 , identified palmitoleic acid (16 : 1), oleic acid (18 : 1), palmitic acid (16 : 0), trace amounts of stearic acid (18 : 0) and short chain fatty acids (10 : 0 to 14 : 1). This demonstrated that the isolate contains the same principal fatty acid chains found in S. cerevisiae [24, 25] . Together with the phylogenetic and chemotaxonomic analyses the isolate was identified as S. cerevisiae strain HJ-014.
Microbial bioconversion of ethanol extracted red ginseng to compound K. The culture broth of S. cerevisiae HJ-014 was mixed with an equal volume of pretreated red ginseng extract and incubated at 30 o C for 24 hr at 200 rpm. The reaction mixture was analyzed by HPLC, with standard ginsenosides including Rd, F 2 , and compound K. Ginsenoside F 2 and compound K were not detected in the absence of S. cerevisiae HJ-014 treatment ( Fig. 2A) . Three ginsenosides were detected in the reaction mixture incubated with isolate and the retention times of Rd, F 2 , and compound K were approximately 94, 103, and 116.5 min, respectively (Fig. 2B) . It has been shown that Sphingomonas echinoides GP50 can completely convert ginsenoside Rb 1 to ginsenoside Rd, but it produces a limited amount of compound K [26] . In Lactobacillus pentosus DC101, over 97% of ginsenoside Rd is degraded and converted into compound K [27] . However, only one report has been published on the production of compound K from raw ginseng extract [28] .
The effects of agitation on the production of compound K. To investigate the effect of agitation on the production of compound K, we incubated the reaction mixture either with or without agitation at 30 o C for 48 hr. As shown in Fig. 3 ginsenoside Rd was the major product detected in the standing culture, while compound K was only detected in trace amounts, compared to the shaking culture. The bioconversion pathway of ginsenoside Rd by L. pentosus DC101 has been reported; where Rd is initially converted to F 2 , followed by its conversion into compound K [27] . The bioconversion efficiency of the standing culture was lower than that of the shaking culture possibly because sufficient degradation of Rd had not occurred in in the standing culture.
Time-dependent production of compound K. The production rate of F 2 and compound K was time-dependent [27] . The ginsenoside F 2 peak reached a maximum level (106 μg/mL) (Fig. 4A ) after 48 hr incubation and then decreased gradually (Fig. 4A) . The compound K peak also increased continuously until 96 hr, when the amount of compound K produced reached its maximum (44 μg/mL) (Fig. 4A) . The growth rate and β-glucosidase activity was increased gradually up to 96 hr and then decreased (Fig.  4B) . Our results show that the transformation pathway of red ginseng extract by S. cerevisiae HJ-014 is red ginseng extract → Rd → F 2 → compound K and β-glucosidase may play an important role in compound K production.
The effects of red ginseng extract concentration on the production of compound K. It have been demonstrated that a high concentration of ginseng extract inhibits microbial growth [28] . The optimum concentration of red ginseng extract was determined for the production of the ginsenoside F 2 and compound K in S. cerevisiae HJ-014. HPLC was used to monitor the production of F 2 and compound K produced from various concentrations of red ginseng extract. The amount of F 2 increased in proportion to the concentration of red ginseng extract treated (Fig.  5A ) and reached a maximum (308 μg/mL, Fig. 5B ), at 10% (w/v). However, a large amount of compound K was produced at low concentrations of red ginseng extract, the optimum concentration being 4.5% (w/v) (Fig. 5) .
The bioconversion of raw red ginseng extract into compound K by S. cerevisiae HJ-014 has a potential application in industry. Further studies concerning the purification, characterization, and application of this strain and its enzyme system to the production of compound K is required. 
